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MOLD ASSEMBLY AND METHOD OF
MOLDING A COMPONENT

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

The mvention described herein includes contributions by
one or more employees of the Department of the Navy made
in performance of oflicial duties and may be manufactured,
used and licensed by or for the United States Government
for any governmental purpose without payment of any
royalties thereon. This mvention (Navy Case 103,209) 1s
assigned to the United States Government and 1s available
for licensing for commercial purposes. Licensing and tech-
nical inquiries may be directed to the Technology Transier

Office, Naval Surface Wartare Center Crane, email:
Cran_CTO@navy.mil.

FIELD OF THE DISCLOSURE

The present invention relates generally to a mold assem-
bly and a method of molding a component and, 1n particular,
to a mold assembly and a method of manufacturing an
clectrical component with the mold assembly.

BACKGROUND OF THE DISCLOSURE

Various components may be used for underwater appli-
cations. If the component 1s an electrical component, the
component should be completely cured such that the com-
ponent 1s waterproof to electrical shorting or damage to the
clectrical component from contact with water. A plurality of
materials and processes may be used to mold various
components for underwater electrical applications.

In one 1illustrative embodiment, electrical components
may be made from various resins injected into closed molds,
for example through 1njection molding. However, 1njection
molding certain maternals to form electrical components
may result in an electrical component with increased air
voids due to an increase in the resin viscosity during
injection molding. Additionally, injection molded compo-
nents may require a longer (for example, 24-hour) cure time,
which decreases the ability to make large quantities of
clectrical components 1n a limited period of time. Further-
more, various electrical components formed through injec-
tion molding processes may be brittle, thereby increasing the
likelihood of failure or breakage of the component.

SUMMARY OF THE DISCLOSURE

However, certain materials such as epoxy resins, may be
molded through various processes which result in a shorter
cure time and decreased brittleness of the electrical compo-
nent. In one embodiment, Chockfast Orange® 1s an epoxy
resin developed by I'TW Engineered Polymers of Montgom-
eryville, Pa., which may be used to mold various electrical
components, such as electrical connectors, for underwater
applications. In one embodiment, Chockfast Orange® may
be poured mnto an open mold at room temperature with a
20:1 mixed ratio of resin to hardener and cured at a room
temperature for less than approximately 24 hours.

In one illustrative embodiment of the present disclosure,
a method of manufacturing an electrical connector includes
preheating a resin composition, mixing the resin composi-
tion with a hardener to form a resin-hardener mixture,
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2

preheating a mold assembly, 1njecting the resin-hardener
mixture into the mold assembly, and curing the mixture for
less than 24 hours.

In another illustrative embodiment of the present disclo-
sure, a method of manufacturing an electrical connector
includes preheating a resin composition for up to 30 minutes
at a temperature between 100° F. and 150° F., mixing the
resin composition with a hardener to form a resin-hardener
mixture at a resin to hardener ratio between 12:1 and 25:1,
preheating a mold assembly to a temperature between 75° F.
and 125° F. for at least 30 minutes, injecting the resin-
hardener mixture mto the mold assembly at a pressure of 1-8
psig, and curing the mixture for less than 24 hours.

In a further i1llustrative embodiment of the present disclo-
sure, a mold assembly includes a first upper portion, a
second upper portion, and a base. The base, the first upper
portion, and the second upper portion are each removably
coupled to each other, and the configuration of the first upper
portion, the second upper portion, and the base creates a
channel that extends along a length of the base to accom-
modate a plurality of wires within the channel. The first
upper portion and the second upper portion each have a
bottom surface wherein the bottom surface of the second
upper portion 1s closer to a bottom surface of the base than
the bottom surface of the first upper portion. Additionally, a
locator plate 1s removably coupled to the first upper portion,
the second upper portion, and the base.

In another illustrative embodiment of the present disclo-
sure, an assembly comprises a mold assembly and a cable
configured to be positioned within the mold assembly. The
cable includes a plurality of wires. The assembly also
comprises a clamp removably coupled to a portion of the
cable extending from the mold assembly and a storage unit
for supporting a portion of the cable. The clamp 1s positioned
intermediate the storage unit and the mold assembly.

In a further i1llustrative embodiment of the present disclo-
sure, an assembly comprises a storage unit and a cable
containing a plurality of wires. The cable 1s supported by the
storage unit. The assembly also comprises a workbench
including a workbench track and a workbench track rests on
the workbench. The cable 1s positioned within the work-
bench track. The assembly also comprises a clamp remov-
ably coupled to the cable and a mold assembly configured to
receive the cable. The mold assembly includes a first upper
portion, a second upper portion, and a base, wherein the
base, the first upper portion, and the second upper portion
are each removably coupled to each other. The configuration
of the first upper portion, the second upper portion, and the
base creates a channel that extends along a length of the base
to accommodate the cable within the channel. The base
includes a bottom surface, a first top surface, and a second
top surface such that the first top surface 1s at a greater
distance from the bottom surface of the base than the second
top surface. The first upper portion and the second upper
portion each have a bottom surface, wherein the bottom
surface of the second upper portion 1s closer to the bottom
surface of the base than the bottom surface of the first upper
portion. The mold assembly also includes a locator plate
removably coupled to the first upper portion, the second
upper portion, and the base, wherein the locator plate
includes a plurality of holes each configured to receive one
of a plurality of pins includes on the plurality of wires of the
cable.

BRIEF DESCRIPTION OF THE DRAWINGS

The above mentioned and other features of this invention,
and the manner of attaining them, will become more appar-



US 10,279,519 B2

3

ent and the mvention itself will be better understood by
reference to the following description of embodiments of the
invention taken in conjunction with the accompanying draw-
ings, where:

FIG. 1 1s a front perspective view of an illustrative mold
assembly 1n accordance with the present disclosure;

FIG. 2 1s a rear perspective view ol an underside of the
mold assembly of FIG. 1;

FIG. 3 1s an exploded perspective view of the mold
assembly of FIG. 1;

FI1G. 4 1s a cross-sectional view of the mold assembly of
FIG. 1, taken along line 4-4 of FIG. 1;

FIG. 5 1s a front perspective view of an electrical con-
nector cable formed with an electrical connector within the
mold assembly of FIG. 1;

FIG. 6 1s a perspective view of a plurality of mold
assemblies for forming the electrical connector cable of FIG.
5: and

FIG. 7 1s a flow chart of an illustrative method of
manufacturing the electrical connector cable of FIG. 5
according to the mold assembly of FIG. 6.

Corresponding reference characters indicate correspond-

ing parts throughout the several views. Unless stated other-
wise the drawings are proportional.

DETAILED DESCRIPTION OF THE DRAWINGS

For the purposes of promoting an understanding of the
principles of the present disclosure, reference will now be
made to the embodiments 1llustrated 1n the drawings, which
are described below. The embodiments disclosed below are
not intended to be exhaustive or limit the invention to the
precise form disclosed 1n the following detailed description.
Rather, the embodiments are chosen and described so that
others skilled i1n the art may utilize their teachings. There-
fore, no limitation of the scope of the claimed invention 1s
thereby intended. The present invention includes any altera-
tions and further modifications of the 1llustrated devices and
described methods and further applications of the principles
of the mnvention which would normally occur to one skilled
in the art to which the invention relates.

Referring to FIGS. 1-4, an 1illustrative embodiment of a
mold assembly 1 1s shown. Mold assembly 1 includes a first
upper portion 3, a second upper portion 5, and a base 7
removably coupled to each other by at least one fastener 15,
illustratively a plurality of screws, and at least one coupler
21, illustratively a plurality of dowel pins (FIG. 3). When
first upper portion 3, second upper portion 3, and base 7 are
coupled to each other, a plurality of processing ports 14 are
defined at the interface between first upper portion 3 and
second upper portion 3 and at the interface between at least
second upper portion 6 and base 7, as shown i FIG. 1.
When first and second upper portions 3, 5 are coupled
together, at least one, and 1llustratively three, upper process-
ing ports 14a are defined therebetween, as shown 1n FIGS.
1 and 4. Upper processing ports 14a are configured to
operate as air vents and/or material overtlow ports for mold
assembly 1. Additionally, a lower processing port 1456 1s
defined at the interface of at least second upper portion 5 and
base 7. Lower processing port 146 defines an injection port
into which a material may be injected during a molding
process, as disclosed further herein. Illustratively, first and
second upper portions 3, 5 each includes a bottom surtace 4,
6 which abuts top surfaces 8, 10 of base 7, respectively, as
disclosed herein. Base 7 also includes a bottom surface 12
opposing top surfaces 8, 10.
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In one embodiment, first upper portion 3 and second
upper portion 5 are mirror-image components of each other.
Alternatively, as shown 1 FIGS. 2 and 3, first and second
upper portions 3, 5 are not i1dentical components of mold
assembly 1 1n that second upper portion 5 has a larger size
than first upper portion 3. For example, bottom surface 6 of
second upper portion 5 has a vertical length or height h,
greater than a vertical length or height h, of first upper
portion 3 such that bottom surface 6 of second upper portion
5 1s closer to bottom surface 12 of base 7 than 1s bottom
surface 4 of first upper portion 3. As a result, first upper
portion 3 and second upper portion 5 are not 1dentical parts

primarily due to the differences in height.

To accommodate the different sizes of first and second
upper portions 3, 5, base 7 has first top surface 8 and second
top surface 10, as shown in FIG. 3. First top surface 8 abuts
bottom surface 4 of first upper portion 3 when first upper
portion 3 1s coupled to base 7. Second top surface 10 abuts
bottom surface 6 of second upper portion S when second
upper portion 5 1s coupled to base 7. In the present embodi-
ment, first top surface 8 has a greater vertical distance or
height h, from bottom surtace 12 ot base 7 than the vertical
distance or height h, from second top surface 10 to bottom
surface 12, to accommodate the difference 1n height between
first upper portion 3 and second upper portion 3. In an
alternative embodiment, first top surface 8 and second top
surface 10 of base 7 do not vary in height with respect to
bottom surface 12 of base 7.

Referring to FIG. 2, a rear end 26 of mold assembly 1 1s
shown and includes a channel 23. Channel 23 1s defined by
the mward facing surfaces of first upper portion 3, second
upper portion 5, and base 7 when first upper portion 3,
second upper portion 3, and base 7 are coupled to one
another. Channel 23 spans a length L of mold assembly 1
(FIG. 4). In one exemplary embodiment, length L corre-
sponds to a length of base 7. In an alternative embodiment,
length L corresponds with a length of either first upper
portion 3 or second upper portion 5. Channel 23 1s config-
ured to receive at least one wire or cable 25, as disclosed
herein.

Referring to FIGS. 1, 3, and 4, at a front end 2a of mold
assembly 1, a locator plate 9 of mold assembly 1 1s remov-
ably coupled to first upper portion 3, second upper portion
5, and base 7 by at least one fastener 16, 1illustratively a
plurality of screws. Locator plate 9 includes a plurality of
holes 11 which open to channel 23 and are configured to
receive individual connector pins ol electrical wires, as
disclosed further herein. For example, in one embodiment,
holes 11 of locator plate 9 each are configured to receive one
of a plurality of connector pins 27a of each electrical wire
277 of cable 25 (FIG. 5). Holes 11 are spaced apart from one
another such that there 1s suflicient space for each pin 27a of
cach wire 27 to engage with hole 11 without interfering with
another pin 27a. Also, holes 11 extend axially from locator
plate 9 and away from front end 2a of mold assembly 1. As
such, locator plate 9 provides a relative placement of each
pin 27a spatially oriented relative to each other and also
axially positions each pin 27aq. Each hole 11 also may
include a sleeve 17 removably inserted therein and config-
ured to receive each pin 27a or any other wire, cable, pin, or
other electrical component, as shown 1n FIG. 3. Addition-
ally, an msert 19 1s removably coupled to mold assembly 1
and 1s 1nserted at the interface of bottom surface 4 of {first
upper portion 3 and top surface 8 of base 7 (FIG. 3). Insert
19 facilitates the assembly and disassembly of mold assem-

bly 1.
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Referring still to FIGS. 1-4, in one embodiment, a heating,
plate 13 1s removably coupled to mold assembly 1 and, more
particularly, to a bottom surface 12 of base 7 by at least one
tastener 18, illustratively a plurality of screws (FIGS. 2-3).
In an exemplary embodiment, heating plate 13 1s electrically
coupled to a power source (not shown) by at least one cable
30 (FIG. 6) where the power source enables heating plate 13
to increase the temperature of base 7.

By having mold assembly 1 comprise multiple discrete
parts first upper portion 3, second upper portion 3, base 7,
and locator plate 9 mold assembly 1 is easily disassembled
and/or reassembled as needed. Additionally, the configura-
tion of heights h,, h,, h;, h, of first upper portion 3, second
upper portion 5, and base 7 allow for easy assembly and
disassembly of mold assembly 1 and facilitates removal of
a component formed therein. More particularly, if a com-
ponent 1s formed within mold assembly 1, the component 1s
casily removed from mold assembly 1 without damage
thereto by removing fasteners 15, 16, 18 and couplers 21
from mold assembly 1. Alternatively, couplers 21 may be
pressed fit and remain within mold assembly 1 during
disassembly of mold assembly 1. Also, improved cleaning of

mold assembly 1 can be achieved as each individual part can
be cleaned separately.

Referring to FIGS. 5 and 6, a cable 25 1s configured to be
positioned within channel 23 at rear end 26 of mold assem-
bly 1 to form an electrical connector 100 at a distal end 26
of cable 25. Cable 25 encloses a plurality of electrical wires
or lines 27 which extend through distal end 26 and terminate
in a pin 27a. Electrical connector 100 1s positioned inter-
mediate distal end 26 and pins 27a and 1s comprised of a
polymeric material. For example, electrical connector 100
may be comprised of a 100% solids, two component inert
compound comprised of a resin and a hardener. More
particularly, the material may 1include between 30% and 60%
concentration of a crystalline silica, between 30% and 60%
concentration of an epoxy resin, and between 5% and 15%
concentration of a limestone, where the epoxy resin 1s a
reaction product of bisphenol A and epichlorohydrin. In one
embodiment, electrical connector 100 1s comprised of
Chocktast Orange®.

Referring to FIGS. 4-7, to form electrical connector 100,
first and second upper portions 3, 5 are removed from base
7 and all portions of mold assembly 1 are cleaned, including
the interior surfaces of first upper portion 3, second upper
portion 5, and base 7, as shown 1n Step 101 of FIG. 7. For
example, mold assembly 1 may be cleaned with alcohol and
a lint-iree cloth.

Before positioming anything in mold assembly 1, a mold
release agent may be applied to the iterior surfaces thereof
to easily release any components from mold assembly 1, as
shown 1n Step 102 of FIG. 7. Once the mold release agent
1s applied, the components of mold assembly 1 dry for
approximately 3-10 minutes and, more particularly, for
approximately 5 minutes, as shown i Step 103 of FIG. 7.
Additional applications of the mold release agent may be
applied 1-5 more times with periods of drying in between.
In one exemplary embodiment, the mold release agent 1s
Freekote CUR available from Henkel Corporation.

Once mold assembly 1 1s prepared, mold assembly 1 may
be heated with heating plate 13, as shown 1n Step 104 of
FIG. 7. For example, mold assembly 1 may be heated for up
to 60 minutes and, more particularly, approximately 15-45
minutes and, even more particularly, approximately 20-30
minutes at a temperature of 75-125° F. and, more particu-
larly, approximately 100° F.
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Referring to Step 105 of FIG. 7, distal end 26 of cable 25
1s placed within a first portion 23a of channel 23 of mold
assembly 1 and each wire extends through channel 23 over
length L towards locator plate 9. Each pin 27a of each wire
27 1s received within a corresponding sleeve 17 and hole 11
of locator plate 9. Sleeves 17 are placed over pins 27a to
turther protect pins 27a from potential damage during the
molding process. Additionally, by positioning pins 27a
within sleeves 17 and holes 11, the wires are held 1n place
when a resin composition 1s added to channel 23 of mold
assembly 1 to form electrical connector 100.

Mold assembly 1 1s then assembled around cable 25 such
that first and second upper portions 3, 5 are coupled to base
7 and locator plate 9, as shown 1n Step 106 of FIG. 7. With
cable 25 positioned within mold assembly 1, the material
comprising electrical connector 100 1s prepared. More par-
ticularly, and using Chockiast Orange® as an illustrative
embodiment of the material comprising electrical connector
100, as shown 1 Step 107, the a measured quantity of the
resin component ol Chockiast Orange® 1s heated, for
example 1 an oven, for less than 60 minutes and, more
particularly, for 20-30 minutes, at a temperature of 100-150°
F. and, more particularly, at 125-135° F.

After heating the resin component, the resin 1s mixed with
the hardener to form Chockiast Orange®, as shown 1 Step
108 of FIG. 7. In one embodiment, the resin 1s mixed with
the hardener 1 a 12:1 to 25:1 ratio of resin to hardener.
[lustratively, electrical connector 100 1s comprised of
Chocktast Orange® with a 20:1 ratio of resin to hardener.
The resin-hardener ratio enables the mixture to be molded at
clevated temperatures without producing a brittle compo-
nent 1 mold assembly 1. The resin-hardener mixture 1s
stirred slowly to prevent pockets of air from forming in the
mixture. Stirring 1s done until the resin and hardener are
uniformly mixed up to approximately 1-5 minutes of mixing
and, more particularly, approximately 2 minutes of mixing.
After stirring, the resin-hardener mixture 1s degassed 1n a
vacuum chamber for 1 minute, as shown in Step 109 of FIG.
7.

In Step 110 of FIG. 7, the resin-hardener mixture 1s
injected mto a second portion 235 (FIG. 4) of mold assembly
1 under pressure through lower processing port 145 (FIG. 1)
until mold assembly 1 1s filled to capacity with the mixture.
In the present embodiment, the pressure may be as little as
about 1-8 psig and, more particularly 3-4 psig. Additionally,
the resin-hardener mixture 1s injected into a third portion 23¢
of channel 23 through lower processing port 145 to encom-
pass a portion of pins 27a of cable 25. Due to the configu-
ration of third portion 23a, an o-ring groove 29 may be
molded into electrical connector 100 such that an o-ring (not
shown) may be included on electrical connector 100 to
sealingly secure electrical connector 100 to another electri-
cal component.

Once mold assembly 1 1s filled with the resin-hardener
mixture, the resin-hardener mixture 1s cured for less than 24
hours 1 Step 111 of FIG. 7. More particularly, the curing
process of Step 111 may be approximately one hour 1n which
for approximately 30 minutes, heating plate 13 1s turned off
such that no additional heating to mold assembly 1 occurs.
Subsequently, heating plate 13 may be turned back on to
increase the temperature of mold assembly 1 to 115-1350° F.
and, more particularly, to approximately 140° F. for the
remaining 30 minutes of the 1-hour cure cycle.

As shown i Step 112 of FIG. 7, after Step 111 1is
completed, heating plate 13 1s turned off and mold assembly
1 1s allowed to cool for 1-15 minutes and, more particularly,
5 minutes. After the cooling cycle, at Step 113 of FIG. 7,
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mold assembly 1 1s disassembled to remove first upper
portion 3 and second upper portion S from base 7. With first
and second upper portions 3, 5 removed, electrical connector
100 1s positioned on base 7, as shown 1n FIG. 6. In this way,
clectrical connector 100 1s positioned around a portion of the
wires comprising cable 25 and 1s coupled to cable 25. As
shown 1n FIG. 5, pins 27a of cable 25 extend from electrical
connector 100 such that pins 27a may be electrically
coupled to another component (not shown). Once cooled,
cable 235, including electrical connector 100, may be
removed from mold assembly 1 and electrically coupled
with any other electrical component or system, depending,
on the application of cable 25.

In one embodiment, multiple mold assemblies 1 may be
used to simultaneously form a plurality of electrical con-
nectors 100, as shown 1n FIG. 6. For example, a plurality of
bases 7 and heating plates 13 may be coupled to a work-
bench 503 and a workbench track 502 such that base 7 and
heating plate 13 are stationary with respect to workbench
503 and workbench track 502.

Cable 25 may be positioned within workbench track 502
and may extend from mold assembly 1 to a clamp 501 and
a storage unit 5035, which are configured upstream of mold
assembly 1. Clamp 501 may be removably coupled to cable
235 to further secure the alignment of distal end 26 of cable
25 within channel 23 of mold assembly 1 by preventing
rotational or axial movement of cable 25. By limiting
movement of cable 235, the positioning of pins 27a within
holes 11 of locator plate 9 remains set and secure. In an
exemplary embodiment, storage unit 505 may comprise of
rolls, spools, or drums on which the remaiming length of
cable 25 1s wound.

While this invention has been described as having an
exemplary design, the present invention may be further
modified within the spirit and scope of this disclosure. This
application 1s therefore intended to cover any variations,
uses, or adaptations of the invention using its general
principles. Further, this application is intended to cover such
departures from the present disclosure as come within
known or customary practice in the art to which this inven-
tion pertains.

What 1s claimed 1s:

1. A method of manufacturing an electrical connector
comprising:

providing a cable assembly comprising a cable having a

first and second end and further comprising a plurality
of wires having each having first wire terminal ends
and opposing second wire terminal ends, the cable
assembly further comprising an electrical plug assem-
bly comprising a clamp on a first side of said electrical
plug assembly that clamps with said first end of said
cable and a plurality of electrical pin connectors on a
second side of said electrical plug assembly opposing
said first side of said electrical plug assembly, wherein
at least some of said first terminal ends on said first end
of said cable are coupled respectively with at least
some of said plurality of electrical pin connectors in
said electrical plug assembly;

providing a mold assembly adapted to releasably receive

a first end of the cable assembly 1n a position relative
to an interior mold cavity of the mold assembly;

providing a support structure including a cable reel and a

cable guide support or track, wherein the mold assem-
bly 1s disposed on or coupled with the support structure,
wherein the cable guide support or track 1s disposed on
or 1s coupled with a workbench and a cable portion of
the cable assembly 1s disposed on the cable reel and
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within the cable guide support or track, wherein the
cable guide support or track 1s disposed on the support
structure between the cable reel and the mold assembly
to guide and support segments of the cable coupled
with the cable assembly between the cable reel and the
mold assembly;

disposing a first end of the cable assembly within the

interior mold cavity of the mold assembly so that a gap
1s between at least said electrical plug assembly and
sections of the mold assembly surrounding the electri-
cal plug assembly except for portions of the electrical
pin connectors which are sealably enclosed by receiv-
ing holes 1n the mold assembly;

preheating a resin composition;

mixing the resin composition with a hardener to form a

resin-hardener mixture;

preheating the mold assembly;

injecting the resin-hardener mixture into the mold assem-

bly to surround the electrical plug assembly and an
adjacent section of the cable with the resin-hardener
mixture except for portions of the electrical pin con-
nectors within the receiving holes of the mold assembly
that sealably received a portion of the electrical pin
connectors; and

curing the resin-hardener mixture for less than 24 hours;

wherein said mold assembly further comprises:

a first upper portion, a second upper portion, and a base,
wherein a plurality of resin-hardener injection ports
are Tormed 1nto various portions of the mold assem-
bly, wherein the base, the first upper portion, and the
second upper portion are each removably coupled to
cach other, wherein the first upper portion, the sec-
ond upper portion, and the base are formed to
collectively define the interior forms the interior
mold cavity that extends along a length of the base
to accommodate the electrical plug and adjacent
portion of the cable within the interior mold cavity;
and

a locator plate removably coupled to an end of the first
upper portion, the second upper portion, and the
base, wherein the locator plate includes a plurality of
said receiving holes each configured to receive one
of the plurality of electrical connector pins to hold
the electrical plug in a position relative to interior
walls of the mold assembly, wherein the locator plate
further includes a plurality of sealing structures
formed to provide an slideable interference it to
receive and seal against intrusion of the resin-hard-
ener from passing through a sealing structure to
electrical pin interface section.

2. The method of claim 1, wherein the resin-hardener
mixture has a resin to hardener ratio of between 12:1 and
25:1.

3. The method of claim 1, wherein the resin-hardener
mixture ratio 1s 20:1.

4. The method of claim 1, wherein:

preheating the resin composition occurs for up to 30

minutes at a temperature between 100° F. and 150° F.;

preheating the mold assembly occurs at a temperature

between 75° F. and 125° F. for at least 30 minutes; and
injecting the resin-hardener mixture into the mold assem-
bly occurs at a pressure between 1 psig and 8 psig.

5. The method of claim 4, wherein preheating the resin
composition occurs at a temperature between 125° F. and
135° F. and at a pressure between 3 psig and 4 psig.

6. The method of claim 1, wherein the resin composition
COmprises:
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between 30% and 60% concentration of a crystalline
silica;

between 30% and 60% concentration of an epoxy resin,
wherein the epoxy resin 1s a reaction product of bis-
phenol A and epichlorohydrin; and 5

between 5% and 15% concentration of a limestone.

7. The method of claim 1, wherein curing the resin-

hardener mixture occurs for 1 hour.
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